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1.  FOREWORD 


Work  conducted  under  this  grant  pursued  two  long  range  objectives, 
namely: 

1.  To  investigate  aerodynamic  phenomena  affecting  the  launch 
phase  of  in-tube  launched  rockets,  and 

2.  To  achieve  direct  compatability  between  in-house  computer 
oriented  (M1C0M)  efforts  and  the  research  conducted  at  the 
University  of  Illinois.  This  was  to  be  achieved  by  acquisition 
of  an  HP  9830  system  to  be  located  in  the  Gas  Dynamics  Laboratory 
of  the  University  of  Illinois. 

An  immediate  goal  consisted  of  generating  a comprehensive,  yet  well 
manageable  analysis  (including  computer  program  development  and  typical 
performance  documentation)  of  the  launch  and  flight  performance  of  a 
rocket  with  specified  motor  design  and  grain  configuration. 

Dr.  H.  H.  Korst,  Professor  of  Mechanical  Engineering,  acted  as 
Project  Director;  Dr.  R.  A.  White,  Professor  of  Mechanical  Engineering, 
supported  by  Mr.  Dean  H.  Real,  was  in  charge  of  the  facility  development 
in  the  Mechanical  Engineering  Laboratory  in  preparation  of  the  experimental 
effort  which  is  to  continue. 
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Calculated  Points 


Closure  Failure  Characteristics 


Thrust -Time  History  for  ARROW  Rocket 


Table  1 


Parameters  Affecting,  Internal  Ballistic  Performance 

y Specific  heat  ratio,  (-) 

M Molecular  weight,  lb  /mole 

m 


v 

c 

V 

s 


B 


n 


A* 

N 


ro,o 


Flame  temperature,  °R 
3 

Co- volume,  ft  /lb^ 

3 

Specific  volume,  ft  /lb 

m 

Burning  coefficient,  Eq.  (17) 

Burning  exponent,  (-),  Eq.  (17) 

Rl,  R4> , E4>,  Zi j>,  L<j>,  grain  dimensions,  ft, 
see  Fig.  2 

Initial  weight  of  round 

3 

Loading  ratio,  lb^/ft 

3 

Chamber  volume,  ft 

2 

Nozzle  throat  area,  ft 
2 

Nozzle  exit  area,  ft 

2 

Reference  (atm)  pressure,  lbf/ft 
3urst  pressure  ratio,  (-) 

Effective  linear  opening  coefficient,  (-) 
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4.  PERFORMANCE  ANALYSIS  Or  A DOGLEG-GRAIN , TUBE 
LAUNCHED  ROCKET  AND  AUXILIARY  EFFORTS 

During  the  launch  phase,  as  grain  burning  is  initiated,  the  pro- 
pulsive nozzle  remains  initially  closed  to  promote  faster  pressure 
buildup.  Subsequently,  the  closure  fails,  starting  at  a prescribed  burst 
pressure  and  allowing  (critical)  outflow  through  a (linearly)  time  variable 
effective  throat.  Neglecting  fast  transients,  quasi-steady  outflow  con- 
ditions (together  with  tiie  burning  law  and  time  varying  grain  surface)  will 
determine  the  pressure  and  temperature  history  in  the  combustion  chamber  in 
which  the  gaseous  phase  of  the  propellant  is  assumed  to  be  of  uniform  (stag- 
nation) state.  For  fully  established  nozzle  flow  conditions  (the  initial 
shock  system  being  expelled  quicly),  it  is  then  possible  to  determine  pro- 
pulsive thrust,  rocket  acceleration  velocity,  and  position  as  functions  of 
time.  Parameters  considered  for  the  present  analysis  are  li'ted  in  Table  1. 
To  investigate  rocket-launcher  interaction,  it  is  then  also  of  importance 

to  investigate  the  effects  of  plume-wall  interactions  and  the  flow  of  pro- 

« 

pellant  gases  in  the  launch  tube. 

While  analytical  work  on  the  propulsive  rocket  motion  has  been  com- 
pleted, certain  experimental  phases  of  rocket-gas  interactions  within  the 
launch  tube  are  still  in  progress  and  will  be  reported  on  at  the  conclusion 
of  a follow-up  effort  under  ARO-sponsorship. 

4.1  CONTROL  VOLUME  ANALYSIS  OF  ROCKET  MOTOR  PERFORMANCE 

Boundaries  of  the  control  volume  are  selected  to  include  the  entire 
missile  including  the  propulsive  nozzle  (Fig.  la);  however,  analysis  of 
the  chamber  pressure  as  based  on  the  conservation  of  mass  utilizes  the 
somewhat  smaller  volume  terminated  by  the  nozzle  throat  (Fig.  lb).  These, 
together  with  the  assumption  of  a uniform  state  in  the  combustion  chamber. 
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appear  to  be  allowable  simplifications  [’ll.* 


*4.1.1  Conservation  of  Mass 

With  m and  m denoting  the  mass  of  solid  and  gaseous  phases 
s g 

of  propellant  in  the  chamber  having  the  v-lumc  V , one  introduces  the 
specific  volumes  to  express 


m v + m v„  = V 
g g s s c 


(1) 


and,  by  differentiation  with  respect  to  time,  as  dvg/dt  = 0, 

dm^  dv  dm 

v -rr®-  + v -7— & - 0 


s dt 


g dt  g dt 


(2) 


where  m = (V  - v m )/v  and 
g c s s'  g 


R T 

v = v + 

8 c P„ 


(3) 


(Clausius-type  gas). 


With  T = F _ and  v = constant 
o oF  c 

dv  R T dp 

g _ oF  *o 

dt  2 dt  ' 

Po 


(4) 


The  original  mass  of  solid  propellant  at  t = 0,  m^,  is  used  to 
form  the  dimensionless  ratio 


y = 


(5) 


so 


and  accounting  for  the  outflow  o*  gas  from  the  control  volume  through 
the  nozzle  throat  under  choking  conditions 


dm 

_E 

dt 


vii  as 

VN  dt 


(6) 


For  convenience,  we  now  introduce  an  "ideal"  acoustic  reference  velocity 


“Numbers  in  brackets  refer  to  entries  in  REFERENCES. 
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C : / y R E T „ 
oP.  J bC  ot 


and  a characteristic  time 


to  = ^R 


to  define  additional  dimensionless  variables. 


and  parameters 


'N  C 


1 P V 

• r\  r\  e? 


c = _£ i_ 

2 m v L v 
so  s s 


Thus,  the  conservation  of  mass  expressed  by  Eq.  (2)  attains  the  form 

ill  IS.  fil  r K , °ll  .Jv.  AS(,)1-  C2  - Id. 

d’ L v*  ~ ' r 2 Lv=  ’J  a« 


V TT 

s 


For  nozzle  flow  under  choked  conditions,  by  combining  Eq.  (3)  with 
Bernoulli  and  energy  equation,  we  obtain  A*(t) 


(15) 


♦a 


v A{J(t)  /y  - 


s i, 

11  vij  Aii 


J 

A:i 


r-Jv 


— r l - » 


T- 


i'or 


l 


Vs  ”(5) 


.r,A  1/(Y-1) 


where 


22.  J 

r 

Y - 1 

« 1/ (Y“l)  "I 

t) 

+ ') 

ToF  1 

L 2 

vs  C1  V< 

o rJ 

J 

-1 


(16) 


Attention  is  now  given  to  the  opening  (failure)  characteristics  of  the 
closure.  The  nozzle  is  originally  closed  by  a diaphragm  which  leads  to 
a delay  in  the  outflow  through  the  nozzle,  also  promoting  the  initial 
pressure  buildup  in  the  combustion  chamber.  The  effect  of  burst  pressure 
and  opening  coefficients  on  rccoilless  gun  operation  has  been  discussed 
in  greater  detail  [l'J  where  also  experimental  evidence  is  presented.  We 
are  retaining  here  this  analytical  concept  by  introducing  a burst  pressure 
ratio  it  at  which  the  closure  begins  to  fail  at  the  time  X in  such  a way 

D D 

that  it  opens  the  throat  area  linearly  with  time  at  a rate  determined  by 
the  opening  coefficient,  A^. 

0 for  t < x„ 


an(t) 

1 > 7S 


‘N 


A3  (t  - Tfi ) for  T > Tg 


Full  opening  is  attained  at  time  x where 


Aa(T> 


= 1 


after  which  time  A*(x)/Aj;;  =1.  It  is  of  interest  to  note  that  the  failure 
H N 

characteristics  of  the  closure  exert  some  influence  on  the  initial  phases 
of  the  rocket  launch  especially  on  the  peak  chamber  pressure,  but  seem  to 
attenuate  rather  quickly  after  full  nozzle  aperture  has  been  attained. 
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4.1.2  Propel lant  ' ’ 

Exprassing  tK*  burnir*^.  i«t«  ' u eorwi.tioni]  fora  l>y 


r - B p” ( ' cc)  (17) 

accounting  for  the  temperature  u,  ndcncy  in  I and  the  pressure  de- 
pendency by  the  exponent  n,  we  can  deter,  inc  t!ie  rate  of  propellant  gas 
generation  from 


dms  _ r S(t  ) 

dt  v 12 
s 


(18) 


where  S(t)  is  the  time  dependent  burning  surface  of  the  grain , so  that  in 
dimensionless  form 

...  dm  , , S r t 

liL  = _L  <L_  iL  = ?-  nq) 

dT  dt  dm  dt  v m 12 

s s so 

For  the  initial  grain  configuration  given  in  Fig.  2,  a solely  time 
dependent  burning  rate  (note  that  the  pressure  p is  assumed  to  be  uniform 
over  the  ertire  surface  S),  will  produce  changes  in  the  grain  geometry  so 

that 


*<*>  = *„  * if  / >• * 

o 

^ X 

E(T)  = Eo  + -gj  r dl  (20) 

o 

t T 

Z(x)  = Zo  + j r dl 
o 

The  burning  surface  S(t)  can  now  be  expressed  as  follows: 
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(i  ) l'or  Z + E‘  _<  R1‘  , one  ’ tain: 

S = 4L{?.(90  - 0)  "/  ICO  UtZ-Rc  0]  (01.  ) 


where  0 = sin  ^ (Z/R). 


(ii) 


S = 4Ij 


R(90  - 0)  tt/180  + 6R.  / 1 - (E/Rl)*  + R,  /l  - (Z/I.  ) - R cc 

-L  J 1 V 1 


wherc  6=1  for  E < R1 
= 0 for  E > R1 

Also,  for  the  grain  configurations.  Tig.  2, 


nr  v = L 
so  s 


4H$JR]*© 


(21.2) 

(21.3) 


sin  20  - 4R  E sin  0 

o o o o 


(22) 


where  0 = sin  ^ (Z  /R  ) 

o o o 


4.1.3  Chamber  Pressure-Time  History 

Noting  that 

r t Bp  n 7Tn  V 
o _ ro,o c 

12  12  A*  C 

N oR 


(23) 


It  is  possible  to  calculate  the  pressure-time  history  in  the  combustion 
chamber  by  integrating  Eq.  (14)  together  with  Eq.  (19)  once  the  grain 
geometry  (Eqs.  (21)  and  (22))  and  the  burning  law  (Eq.  (23))  are  specified.* 


4.2  ROCKET  DYNAMICS  AND  KINEMATICS 
4.2.1  Initial  Phase 

Considering  the  rocket  motion  here  as  resulting  from  nozzle 
thrust  and  the  gravitational  acceleration  only  and  using  a Cartesian 
system  of  coordinates  aligned  with  the  launch  tube  axis  (sec  Pig.  3)  which 


*A  summary  of  parameters  introduced  into  the  present  analysis  is  given  in  Table 
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r 


is  inclined  to  the  horizontal  by  the  angle  a,  ou^  obtain. 


and 


dV-  V P 

— _ = T - H t-  sin  a 
dt  g f, 

°c  c 


dV  „ 

— '%■  — = -VI  — cos  a 
dt  Ec  £c 


( 2U  ) 


(25) 


In  restricting  ourselves  to  these  expressions,  we  have,  for  the  time  being, 
neglected  all  aerodynamic  forces  acting  on  the  rochet.  We  note,  however, 
that  the  lateral  motion  of  the  rocket  which  begins  after  the  rocket  has 
already  moved  the  distance  x^  at  time  t^  in  the  tube,  may  well  give  rise 
to  unbalanced  aerodynamic  interference  forces  which  can  lead  to  pitching 
during  launch. 

For  the  initial  phases  of  the  lateral  motion , we  may  neglect  changes 
of  the  rocket  mass  K and,  using  an  average  thrust  T,  integrate  Eq.  (25) 
twice  to  yield,  as  y = 0 and  V = 0 at  x = x^,  t = t^. 

Hk  - *)’ 


cos  a x. 


y = 


Lis 

w g 


- sin  a 


The 


time  t^  where  the  distance  x^  has  been  negotiated  is  found  from  the 


integration  of  Eq.  (24)  for  which  V = 0 at  t = 0 and 


tVT£c 

x = g n rr " Sln 


°) 


so  that 


2x, 


t,  = 


1 T * 


(27) 


(28) 


- g sin  a 
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..2...  •>  ' ai  . - i<*  Ti  uit  and  ’'ass 

u.i  i ti  . ctoi-',  is  to  bo  followed,  it  will  be  necessary 
to  inLrodi-..  -reJy.  tic  lift  and  shag  forces  and  to  consider  also  the  time 
variations  of  rocket  tnrur.t  ur.d  mens.  Accounting  for  the  latter  two  only, 
one  realizes  tl  r ults  of  pressure  chamber  and  propellant  mass  ratio 
histories  a they  r ult  from  Section  4.1. 

While  rip,.  4 if  lustra  the  influence  of  closure  failure  on  the  early 
chamber  pressure  history.  Fig.  5 shows  that  the  effect  on  launch  velocity 
is  indeed  v ly  small. 

The  full  chamber  pressure  history,  os  calculated  by  the  present  program 
(for  instantaneous  closure  failure),  is  compared  to  available  ARROW  data  in 
Fig.  0. 


Accounting  for  the  variable  rocket  mass  by 


ms 

" ■ »o  1 • ST2  (1  - “> 

O 


(29) 


and  determining  tbe  thrust  force  on  the  basis  of  the  control  volume  shown 

in  Fig.  la,  the  time-dependent  thrust  force  is  given  (in  lb  ) by 

-f 


T = p A*  144 
*o,o  N 


2y 


Y - 1 


1/(1-Y) 


\ 3_  1 T^_ 

v C,  TI  T r 

si  oF 


A« 


■ft) 


Y/(Y-1) 


(30) 


Again,  the  thrust  force  calculated  with  the  present  program  is  compared 

with  data  provided  for  the  ARROW  rocket  (see  Fig.  7).  The  temperature 

ratio  T /T  „ is  found  after  solving  Eq.  (10)  for  T*/T  _ by  iteration,  from 
C or  .Or 


i° 


V 

T.  C 

C.  v 1 


•1/0-y) 


(i - 


Vror>  \ 

"V  sf 


(1-Y) 


v 

JL  •’ 

C,  V 
1 s 


(33  ) 


which  also  :■  quit-os  iteration. 


<4.3  COKrUILR  PROG  i"  DEVELOPMEKT 

As  already  pointed  out  in  Section  1,  tlie  broader  objectives  of  this 
grant  ceiled  for  computer  program  compatibility  between  IflCOM  and  the 
supporting  effects  at  the  University  of  Illinois.  Consequently,  after 
acquisition  of  the  IIP  9830  system,  a considerable  number  of  computer 
programs  have  been  generated  which  are  now  operational  at  both  locations. 
Same  representative  examples  are  cited  in  the  following 

4.3.1  Internal  Ballistics  Program 

4 . 3 . 1 . 1 Bomb,  Gun,  3nd  Reeoilless  Gun  Performance  Analysis 
(Documented  earlier  [1].) 

4. 3. 1.2  Adaptations  of  such  Programs  to  Deal  with  Gun-Launched 
Rockets  f P] 

4.3.2  Plume  and  Slipstream  Boundary  Analysis  based  on  the  Method 
of  Successive  Centered  Expansions  [3,4] 

4.3.3  Base  Pressure  Analysis  for  Unpowered  Flight  of  Rockets  and 
Projectiles  [5,6] 

4.3.4  Viscous  Jet  Mixing  and  Boundary  Layer  Programs  in  Support  of 
Drag  Evaluations  for  Missiles  [7] 


4.3.5  Shook  Interaction  Programs  Applicable  to  Muzzle  Break  Blast- 
wave  Propagation  and  Reflections  [1] 

4.3.0  Comprehensive  Program  for  the  DOGBONE  Grain  (ARROW)  Rocket 
Performance  (based  on  the  analysis  of  this  report) 
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A printout  of  the  program  for  the  HP  9830  computer 


.in  given  in  A’  . IX  A. 

4 . 3 . 0 . 2 U.'.  . ' ■ Instructionf- 

Ur.cr's  instructions  are  given  in  APPENDIX  B with  all 
input  quantities  defined  (also,  see  Table  1). 

4 . 3 . 6 . 3 Program  Output  ("PRINT  Alb"  Mode) 

Program  output  in  the  "PP.INT  ALL"  node  of  the  eom- 

utcr  is  given  in  APPENDIX  C for  selected  input  data  as  listed.  It  must 

be  noted  that  the  DOGPEG  GRAIN  geometry  (P.1,  R$,  E(j>,  2$)  and  nozzle  area 

ratio  A /A*  = AG  are  not  entered  from  the  keyboard  but  are  READ  by  the 
e II 

program  from  the  DATA  line  120.  Changes  in  these  parameters  have  thus  to 
be  made  (if  so  desired)  by  "FETCH  120,  EXECUTE"  and  by  altering  the  values 
in  this  line  (conveniently  done  by  using  the  editing  features  of  the 
HP  9830). 


4.4.1  Facility  Development 

The  blow-down  wind  tunnel  facility  and  auxiliary  air  supplies 
of  the  Mechanical  Engineering  Laboratory,  Department  of  Mechanical  and 
Industrial  Engineering,  University  of  Illinois  at  Urbana- Champaign , have 
been  modified  to  allow  modeling  of  the  tube  launch  system  under  quasi- 
steady operating  conditions.  The  pressure  distribution  within  the  launch 
tube  due  to  plume-tube  wall  interactions  and  vehicle  eccentricity  is  the 
primary  objective. 
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To  provide  for  representative  model ing,  it  was  neces- 
sary to  modify  tl  existing  auxiliary  air  supply  system  to  accept  the 
higher  pres  - u needed  for  simulating  the  rocket  jet  plume.  This  has 
been  accomplish'd  by  the  installation  of  new  high  pressure  storage  ( approx i-- 

3 

rnately  450  ft  , maximum  working  pressure  1800  pcig)  and  high  pressure  piping 
in  compliance  with  CS1IA  regulations.  A two-stage  compressor  allowing  pump- 
ing of  the  system  to  either  250  psig  or  500  psig  levels  is  currently  being 
utili zed. 


4 . 4 . 1 . 2 Mode 1 Constructed 

A one-half  scale  geometrically  similar  model  has  been 
constructed  of  both  the  afterbody  and  the  launch  tube  system.  The  model  con- 
sists of  an  interchangeable  nozzle  section  installed  in  the  end  of  a section 
of  schedule  00  high  pressure  pipe  with  nominal  outside  diameter  of  1.90 
inches.  Hie  launch  tube  is  simulated  by  two  lengths  of  thin  wall  brass  tub- 
ing with  nominal  inside  diameters  of  2.0  and  2.25  inches. 

4.4.2  Preliminary  Experiments  Conducted 

A series  of  calibration  cheeks  with  the  nozzle  configuration 
selected  were  carried  out  to  determine  the  performance  characteristics  of 
the  modified  high  pressure  system  and  its  control  valve.  The  results  of 
the  preliminary  tests  indicated  that  maximum  stagnation  pressures  of  only 
180  psig  are  presently  reached  with  tank  pressures  of  approximately  450  psig. 
This  is  below  the  level  desired  for  proper  plume  simulation  within  the 
launch  tube.  It  appears  that  the  flow  level  capability  of  the  control 
valve  is  too  close  to  the  nozzle  mass  flow  required  or  that  a sonic  throat 
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is  occurring  v;ithin  the  pipe  system  restricting  Lhe  «»v,i  liable  pressure  to 
the  nozzle.  Additional  tests  are  being  planned  to  determine  and  sub- 
sequently improve  the  range  of  system  performance.  A reduction  in  model 
scale  to  approximately  0.25  may  be  required. 
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APPEI.’PIX  B 

User's  Ins ti’uct ions  for  "DOGLEG  GP.A1M  KOCKET"  IVo; 


ARROi  -BALLISTIC  PROGRAM 

HP  9830  (no  ROMS  needed)  090/1428  "DOGBOL'E  GRAIL’  ROCKET"  load 
Input  (ashed  for  by  program)  Symbol 

1.  Camma  (propellant),  1 K 

2.  Molecular  weight  propellant,  1 M 

3.  Flair, e temperature,  propellant,  °R  T0 

3 

4.  Co-volume,  propellant  gas,  ft  /lb^  VI 

3 

5.  Combustion  chamber,  volume,  ft  V 

6.  Speeifie  volume,  solid  propellant, 

ft3/lb  V2 

m 

7.  Load  ratio,  lb  /ft 3 L 

m 

8.  Initial  mass,  missile  and 

propellant , lb^  M0 

(location  120  generates  (ear.  bo 
altered)  Data  Rl,  R$,  Ei|>,  7/J,  AS  = 

Ae/A u*  and  L0  related  to  the  DOGBONE 
geometry  and  nozzle  configuration  as 
shown  in  Figs,  la,  lb,  and  2) 

9.  Burning  coefficient,  in. /see  B 

10.  Burning  law,  exponent,  1 N 

11.  Burst  pressure  ratio,  1 B2 

, 2 

12.  Area  ndzzle  (throat  A”),  ft  Al 

13.  Referenee  pressure  P0,  psia  P0 

14.  Opening  coefficient  (burst  plate),  1 A3 

15.  Time  increment  (at),  1 T 


28 


I Li  It  I L I iL  Ml  > ■ 

( 1 1 1. 1 L l !|  i|  f ■ | ; i. . \'i  1 1 , 

i tihi,;r.i.  /i • l . : f 

L.PFL-.  VOL  . SOI  i V;.  . . . 

f 0 tit  H ’f  I 

iNiniiL  tii ; . .>  t'i i '■  ■ 1 1. r 1 1 . 

n-  i 41  ’l-ui.  i,o  s.  o.  • - ' >■' . i"  -v 

Of  >0-  3.  ('lUVH'O'-’ 

i of  u co i r r . f 
[ it.  i c::i  .to  .40 

HUir.iT  Pt’i  kfii  no  ; "to 
URL  l l N027FI. « Oi  i 
I Of  !:n-  Y 4 4 
utT.iintr,  ooErt  J\-  i 
Tilii  lNCHfc'M  • 1 - ' .1 


Gftl'IM 

0 1 . 10  .if -too 

, r r , 

0 i|  t i.i 

To 

r t)  ■ ■ 

, ,-f 

•i.i. 

00' 

/ill  Vi. 

2.  14 

cur-o :■ 

CiiiiMU . 01 

1,1-. 

1 . 

i hi 

i.  on  ’4 

ROT  10  f 

;:i,  m 

000. +0 1 

srtC . 

Vitl  . 

01.. 

i . 

i , , 

,fsV:[ 

IN'  I ] 

ml  I'lnoo 

ms 

K *-l  t \ • • 

[■ 

i Cl  1 

IH  if;  ll 

i.  OFF  . D- 

. c*. 

I.  a -J'-'1 

OOf  Of- 

' n 

URN  ! ' 

1 

OOOflL. 

01 

r.uRsi 

Rimr  i 

Rtf;? 

= LOO" 

o:  i 

01 

flREfl 

HOZi'.T.IL  It 

l---  0 

. 9?'7&f.  0 

ITT' 

RTFS 

s 

Pit  - 1 

. 4-. 

oil  -Ml 

oolo. 

COLFF  . f 

LIT  111 

« 1 . 0000 

i'ii. 

U 

'IflUl 

■ O. 0O0UC+OO 

fT.-ro'i 

::  f.. 

. n>  • .. 

t i.i  i 

lil.12-- 

•ovo;  • 

01 

F'2  1 T 1 .' 

Tl, 

0 . 00000  +■  0 0 

<ZVX-'.=  V 

.•i:-i 

001. -04 

THRU 

■i  cmr  *- 

„ i~. 

"04 i i 0 1 

VS-LOC  1 

iv  >: 

no 

1 --  0 . 

OOF 

01.  i 00 

:2cn  ■•= 

0 . UOOQt  "i  0 O 

THU  1^ 

1 . OOOOi 

- 01 

F l-E  SC 

i 

. 

•l  OR 

11!  12- 

.1 

'979C.~ 

01 

fi2<  F i :• 

on 

0. 0? 

diet  ■ oi 

7 

•SIT,-  1 

. iif; 

■"OF.  OO 

7 MR  LO 

IT  U.f  FM 

•}'  a i*' 

•HO;  , Of 

'Li.ijC  1 

IV  : 

i f 

1 - 0 . 

000  OF  -t  00 

•:.2a*T>= 

0.  lit 

ItjltH  I'UI 

'IflUl- 

2.  tii  )0  or 

• 0 1 

1 if'-. 

. 6700F 

+ 0 

HU2- 

,f  C 

""’voi 

i.l 

H2 * T 1 1 

n 

0.  Oii.iOtMUO 

12 

tj.  '=»  1 

. O 7 

■ML-  00 

i MRU 

■i  vi.  r,r 

0.  1 

21 72+02 

VFI  U.  I 

IV  < 

Ft  ; 

- 1 

► 1 r] 

ii.it  x ’0 

12  ■:  fT>- 

0.  Of 

100 Ft  ifi 

rut  i j 

OhOOR 

01 

Rr  LOS 

- r ! 

O'  1 ;•[ 

' 02 

111.1":  = 

■i  m e\ 

'0071  - 

01 

l!2'.:T’  .- 

il 

i in 

n-'OE  111 

1 2 

2 

. 17 

,•  1 - 1.1 _1 

7fF  II 

• 1 (1  f;f 

o 

;Th  ii.7 

VFL  O'.  J 

i i 1 

F F ‘ 

Jo-  0. 

"'£  -i.i. 1 

•12  • F T 

y . <i 

LOT  Or- 

Tii  I U ■ 

-til 

1 ■ r 

i 

■i  >'  Vt 

"V 

1102- 

, c 

' *1.1;  F ■ 

1 ■ J 

OF'  Fi  ■' 

II 

i t 

IHMt-  f'l 

12 

• L i 

. 7 1 

+ 71  i >0 

TilRI.l: 

n dor' 

i 

A . !;  i 0 

Vi  i.i  •.  1 

1 V • 

i | ■• 

■ ■>  - 1 . 

1 i'l 

l[  1 1 1. 

TO  f f 

t 


i 4 1 1 ip 

1 1 1 ■ i j , : r j ti  : i;  , , 'it  u! 

.i  i | i i r :,|  - , * l 'r> L * 1 .- 


HIf.1.1!, 

T U i.i  } 

t • i 

i { - i : ! 

VTI  in  . ■■ 

1 0 

: ' «•» 

l ' i 

r-|.  -t  Ti.. 

9. 

’Of  • UM 

vii'ii 

M . f i 00L 

--”i 

r.  'r. i 

1 4 3:  I'  - 

H'.P 

- \ , 1 

u-o IF.  01 

i . , M. 

uoi  i'u 

r;  ^ 

iL-.rm  1 

, 1 f -O  ; 

TUPM 

r «•  i.r.  r ;h 

Cji  ( 

' Hi  H’X 

vf-  i me  i . ' 

UP 

;i 

1 . . V 

• Ik  -H.jn 

i 

i "i  j 1:  ~ 1 1 X 

•mni  = 

0.  m'lMOL 

• Ml 

f 

1 . Mm  i ■ i. ' 

t ox 

’ Oi  0 1 

V . 00 

■i0L  til 

'1  ' 

xlX  .'  o 

.4  : :f 

1 HP  i IS 

’!  CL  13 F •- 

7. . 4 

••'il.i.lii  1 '• 

TP 

f 

- X-I'OO 

-if 

t. » •:■  • 

MOC  U.i 

i it  U - 

1 . f'i  ijtjf 

i frill 

> i'l 

1 . M.  T • »i  Its 

It.  MX 

1 

' l_.  i i’l  I..I1 

8 00 

■JOE  01 

n i 

31XV-  ‘1 

. ■' MO.  7 0? 

illHU  ? 

T (1  Bf: 

, 1 3 

‘71*  +03 

v'F.l  MCI  ! 

• FF 

’I-  T 

| 4 ;-ii 

i.jP  ! Ot. 

4,47 

4 ML  03 

in  mi  - 

1 . 1 iii.ii! 

i-OO 

ITT 

1 . . 13’  n 

HO. 

• p. 

.i* 

Mr  0 00  01:  01 

Ti'. 

bfx  -=  i 

. ‘ 2: : it- -ox 

Til  iM  18 

T I [.1  ' • 

3.  ti 

JOf 1 03 

■•‘U  oci  rv 

\ f o 

3 ■ - 

4 . -t  6 

XilP  1 0*. 

C.  Mi 

t ii:- ox 

1 HM  j - 

i, 1 000E 

t i.i  f i 

F ' f i ■ 

- l.c“?lbf u> 

No.-: 

s • 

4/4  IF.  01 

1 . 0 .iijQEH  00 

1 i 

8 L'.  ?-•  1 

. i ~ f:  o;'' 

1 HR1.  IS 

1 CLP!  = 

93F  i 03 

,Ti.ocn  v 

•if  p 

£.  - 

1 . 13 

y;r.  l&  i 

5.8  a 

/0E--07 

Trim 

3 . 1 MOuE 

i-  ij  0 

F Pf ' . 

•I  i , 1 7 O'L'-i  0 

I'l 1 1 X 

. 

tit.  71  OJ 

1 . Mount  \ OO 

Tit 

sc:c.  i 

iif.i-  o r 

T HT'l.l 

1 < ll  r 

J •:  L 

.IMF  i j ;; 

VF!  nil  IT  V 

(TP 

!*.  ' r 

i.i 

177.01 

1 . on 

Mot  01 

IrtUl”  4 . I POO!  h tin  f-KLS  - - l . 1 S/Htu  ii  ■}  fVS2~  v . i-VOM:. -0* 
1.0  null  nji.!  >:  S iT  VtV'P. 

TH.UUf  <LRF  >“  s.TA'jZW.'  Vi  i.Oc'j  !'.  'ifPJU  = 3.  16  UiE-HU 
3,  1 UMfit  1.1  1 

'n3i.il  X.iifor  ••  f »i  FT’u'i  • 1 . IT1  -.•ti-*’--:  /Ml’-  21£  Ml 

1 . CiMijMI'  t-i'uj  i i i 1 i.  1 ij ; 

IHl'M’i!  U i.i  ''  c‘.  * 4 Hi?  V'eLUi.l'f'i  i I "1. 1 - 4,P,‘7'!F  + 01 


f,  . ' ' . * 1 M : , ■<. 

I . ' lll't  r l;  1'  f, 

,i,  i.  r u r.i 

i , ij  . ;t!’-i  r. n 

l' i : 1 1 --  l!:i,u.ii  i >;.« 

I.O'U.m;  : ijG  l/' 

1 

' i If’ 

til  • 

1.’ 

. 1 

1 .1  . 
1 '1 

I- 

, 1 

rii  ' l l : i t:f  .) 
1.  VO  ,1. HiO 

: 4 i ) ■* 

t. ' CM  i ! 

! I 

t.  , 

i . * . • i ; 

'iftiji  v . i.ii'ii.  ■ -jg 

i , G.'iVin-cui  tl 

. 7TP 

- • 

. 1 1 0 4 • f ."i  L 1 

Mi*  ' - 

•_  i.  ..i 

( , 

■: Li :F  * 

*‘ri  tl. 

'•'FI  O-'  IT" 

1 Ft 

i * 

*. •::  ; .0) 

' ' 

'l  HU  t ! 1 , GMi'Jr  ' il  l 

f H.G 

If  * . t 

1 . 3 ,1  ' F i n 
HO  1 r » ' 

FTj  J - 

2 , t.  i'i; 

1 . 1 1 

THRU iG-  ■■  L f.l  * ;'.44 

2.  1 G3GL i GO 

1 ; r . 1 r 

•,'L  1 Of  ’ 1 

■ t ; 

' 

' 1 ? i I ;U 

7 1 1 1 

Tftll)  1 . 1 1 OOF  H G ! 
i . OuOCH'  + OG  T_ 

F Ofcs... 

:l  . ► 

1 . T 7‘  i Q.  : 

V-4  ][  f . . 

. GC  -i.i  i 

fp.: ! j 

THKUS1  at:F  .4,- 

2 . f>? i.  • Gi El  hVi 

i ■:( 

'LL  Hi.-  .1  TV 

! F 

t 

) _'t  ■*  T 1'  l 

r i 

1 fill  1 - i . 21  Oil  Hi 
i . ci oc  ;:r+GG  T; 

? P t :£ 
F ■ > - *, 

= } . 233u.r-tiM: 

. i.  Ir.flt  1.1.' 

'•110'- 

• i. ••:•:•  U1 

fl2  • r 2 

thru'  t <u:r  r.'ic 

3.  £ 1.1  lE.t-00 

vt-:i ...  i t 

• h' 

2 ■ 1 . 

^r-4.  1 0:: 

?;  !cn  ■ 

'i ,-iu i - i.GHiciriru 
1 . Oii'U'*l  t OG  14 

r - l3'- 
■,f:r  ;• 

i -m.i  ••  • 
. T,  V.'t  h?. 

Vi_- 

TT.,.!  yl 

i'i  : 11 

1 1-11 '1. !••;•[  a BF  • • T 

3.  73V  , E+(jy 

-1  L14 

v'CLi.f  1 , 

.1  F' 

?.  * " i 

1 1 -•nr-ro:. 

! .J  ^ F T * 

ifuij  i.4iG'i;  gi 
1 . 0 .iiJUFT-DG  12' 

“•  r lS 

; F.**-  ‘ 

5 ' 1 ' 7i  •’  • 

. .2  3 4 i. 

r-.u.  ■ - 

. 4 -4  Cl! 

r l ..  i . 

li IF"  1.131  '..LPF  4 . 3 

4.413  Th  GiJ 

.1  iJi.  IT 

'■  I'1' 

3 ' 1 . 

;',i- ",  J*~H  t 

r i 

32 


